Practical and Polytopic Observers for Nonlinear Uncertain Systems by Rapaport, Alain & Gouzé, Jean-Luc
Practical and Polytopic Observers for Nonlinear
Uncertain Systems
Alain Rapaport, Jean-Luc Gouze´
To cite this version:
Alain Rapaport, Jean-Luc Gouze´. Practical and Polytopic Observers for Nonlinear Uncertain
Systems. RR-4079, INRIA. 2000. <inria-00072554>
HAL Id: inria-00072554
https://hal.inria.fr/inria-00072554
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de





























ap por t  

de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Practical and polytopic observers for nonlinear
uncertain systems
Alain Rapaport — Jean-Luc Gouzé
N° 4079
Novembre 2000
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)





























































































    ©hlb~n q hljWj~hlj~n q Y&n0t'hlj q `fg`ihEj~n©nobm¢£nodljRfoY&n q hE~noY'wg¼dlW`aci`ifk=hlbWw{bWjWYt'cadEnonoY q Ynormny¿
fgV'XZY&n q rHj~dpXZ`Eb~Y&n,d¼EY&t q Y&n.foY'wgXZY&n.X-dlclt
hEjWjHb~n'¥0hlb7n.XZhljRfowghlj~nRb  `aclj  Y
um`enyfgY>k~dln q hE~nsY&wo$dpfoY'b~w
Y'uWdltft'cadEnono`RbWY!nohlb~n\c  THrHk=hpfoT~V&noYRbWY-c  `ij~t'Y'wofo`ifob q YYÂnyf=hlwgjﬀ&Yl,jWhEb~nt
hEj~nsfowgbW`anohlj7n{b~jhE~nsY&ws¿
$dpfoY'b~wkWwgdpfo`RbWYl q hEjRfc  Y'wgwoY&bWw\t
hljHEY'wglYEY'wn»bWjÄlhl`eno`ij~dllYdpwgW`fgwgdl`iwgY'XZY&jEf»k7Y'fo`if q YZc  hEwo`al`ajWYl¥
ﬁ»dpj7n0bWjOt&dlnkWcab~n©ﬂ'jﬃ'wdpc5ﬃRb~dpj q caYnorHnsfoV&XZYk7Y&bmf©jWYk~dln 
fowgYhl7nsY&wo$dp~ciYEWjWhlb7n©t
hEj~nsfowgbW`anohlj7n
q Y&n¶hE~noY'wg¼dpfoY&bWwgnMk=hlcarRfohEkW`RbWYÂn q hEjWj~dpjRf q Y&n¶=hlwgjWYÂn q rHj~dpXZ`RbWY&n0À q 'k=Y'j q dpjRf q Y&n¶`aj~t'Y'wofo`ifob q YÂngÁ
nobWwcaY&n\$dpwg`edpWcaY&n&¥-0hlb7ndpkWkWca`Eb~hlj~nt'Y&n\w!&nobWcfd$fn#"b~j§Y'umY'XZkWcaY q Y-Xh q V&ciYZW`ahlcahlE`RbWY q bWjWY
k=hlk~bWcadpfo`ahljnyfgwob7tfob~w&Y»Y&jªnyfd q YÂnUhlb*Y'j%$pEYl¥






























































































































































À³cadlwo$dlYlHrlhEbWjW-d q b~cfndpj q d q bWcfngÁ




































¢    ¢   



















































































































































































































































k~wohEk7hRnsYÂnfgh£nyfgb q r+foTWY\¤hEcicah$`ij~hEkmfo`aXZ` Âd$fo`ahljkWwghl~ciY&XﬀÀ³noY'Y%9UdgdpwÂ 9Y'wgjWT~dpw q £ÕŁ ¥¤Á{>l`alY&jOd


























































 ²(' ¹ '
fgT~d$ffgTWY q `enyfgbWwg~dpj~t'Y\¼dljW`ensTWYÂnU`fgT*fo`aXY¼Á¥



















































































































































































¦T~dpft'hlbWc q =Y0foT~Y{d q ¼dljRfgdpEY&n>hl,nsb~tT£dlj+dpk~kWwohRdltT,Et
hlXZk~dlwoY q `fgT+t
cedlngno`at&dpcWhEjWY&n&ET~Y'wgY










fo`ahlj   Á¥&hlwgY'h$EY'wÂ!TWY&j foT~Y+=hlbWj q nhEjfoTWY*bWj~t'Y'wofgdl`ijRfo`aY&nhljfgTWY+`ajWkWbWfgn
dlwoY\kWwgh$H` q Y q `ij q Y'k=Y'j q Y&jRfocar+hljYÂdltTt
hHhlw q `aj~d$fgYZÀ ²(' ¹ ' Hr`ijRfoY&wo$dlcanÁmY|hEbWc q ca`iEY\foh-b~noY\foT~`an
`ajm¤hEwoX-d$fg`ihEj,¥>^Hh|Yj7d$fob~wgdlcicarnoY'Y&lb7dpwdpjRfoY&Y q =hlb~j q n¶hEjZY&dltT-t'hRhEw q `ij~dpfoYUhpAfgTWY0bWjWXZYÂdlnobWwoY q
$dlwo`edpWcaY&n\À ²(' ¹ ' `ajfgY'wgX-nUhp`ajRfoY&wo$dpcenUhlwk=hlcarRfohEk7YÂngÁ
¥






hlXZkWbWfoYyk=hlcarRfohlk~`athl~noY'wglY&wgny dpj q nyfgb q r
fgTWY'`aw-dlnorHXkWfohpfg`at=Y'T~d¼H`ahlwÀ9nsYÂtfg`ihEj   Á
































































































































































































dlj q m!`ik~ngtTW`if\¥ wÂ¥ fÂ¥

¶YnoT~dpcacUt





























¦§Y q Y C7jWYjWh$ djWhlfo`ahlj*hpMhl~noY'wg$dpW`aca`fyrOÀ9ty¥*£ & ¥¤Á|foT7d$f0`acic,=Ynobm¢£t
`aY'jRf¤hlwhEbWwUjWY'Y q n'¥
*Æ  	 











































































































































































































































































EGFIHKJMLDNPO Q.RﬁSTO QUH;V2O QUHMW
ÓYX.Ø[Z¼Ú\X5Ú¡ØÔ^]WÖ0ßÝ6X


















































































































































































































































































































































































































































































































































































































































































































































































































































































uWdEtf¶hl7nsY&woEY'wbWj q Y&wnshEXZY0d qWq `ifo`ahlj7dpcmwgY'lb~cadlwo`ifyrkWwghlk=Y'wofo`aY&n0À9nsY&Y;£  ¥¤ÁEfoT~`an
`enUjWhlf0k7hRnono`i~ciY\`ajfgTWYkWwgY&noY'j~t'Y{hlb~jWHjWh$j`ajWkWbWfgn&¥
ŁW¥  hlwfoTWY©ngt'dlcadlw¶hlbWfokWbmfUt'dEnsYEl`if|`en¶jWhlf|dnobWwok~wo`ensYUfgT~d$f|foTWY&woY q hHY&n¶j~hpfY'uH`ensf|dpjHrhE~noY'wglY'w>`ifoT
b~jWHjWh$j`ajWkWbWfgn&~dlnfgTWYt
hEj q `ifo`ahlj~n¤hEbWj q Hr	ﬁ{dlwohEb~dltT*dpj q dpc5¥*£ 8 ¥dlwoY»jWY'EY'wU¤bWc<C~caciY q ¥
 
 ¶	'|Äﬁﬂﬃ! ﬃﬂ













dlnUhEbmfokWbWfgnhlMd³dpXZ`acir§À¤`aj q Y'uHY q Rr
¡
Á|hpCW¿




hlRfgTWY¶¤hEwoX À   Á.k~dlwgdlXZY



























































































































































































































































































































































































































































































































































0  Ê  Ê  	 











































































































































































































































































































































































































































































































































































(ﬃﬃ *	' ﬁ*ﬂ!ﬃ ﬃﬂ





hEj q `ifo`ahljWY q fghZRj~h$j=hlbWj q nUhlj*foT~YbWj~t
Y&wsfdp`ajRfyrl¥
Ç  Ê 	 Æ 


























































































































































































































































































































































































































































































































































































































*Æ  	 
















































































0  Ê  Ê  	 





































µ$®+¯^~½  5 Aµ1





































































































































































































































































































































































































































































 } \ )

Ł

























  ¹ A-¯$® 5Â¸
E¥0SUTW`en0wgY&nobWcf{XYÂdpj~n0foT~dpf&A`i¶|YdlwoYdlWcaYfohhlmfdp`ajª`ijW`ifo`edpc7hEbWj q n©¤hlw©foTWYnyfd$fgY$dpwg`adlWciYÂnUfoh
YÂnyfg`iX-dpfoYlAfgTWY'j|YdpwgYdlWciYfoh*WbW`ac q dpj`ijRfgY'wg¼dlchE~noY'wglY'wÂ=kWwoh$H` q `ajW+dlb~dlwgdljEfgY'Y q ¤wgdlXY¤hlw
fgTWY-nyfd$fgY$dlwo`edpWcaY&n{hp|foTWYZbWj7t
Y'wofgdl`ijÄnorHnsfoY&X¥I¦©t'hlbWwnoYlAfoT~Y&noY`ajW`ifo`edpc>YÂnyfg`iX-d$fgY&n\t'dlj=YZlY&wor



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 }  
















































































































































































































































































































¢    ¢   












cedlngnsYÂn©À¤`5¥ Yl¥Hcadlwo$dlYllrEhlbWj~d q bWcfn|dlj q hEc q d q bWcifgnÁ¶hEwnsfgdllYÂn¶`aj
fgTWYca`¤Yt'rHt'ciYE¥>SUTWYnodlXZY»XZh q Y&c,Y
um`enyfnU`fgTW`ij*fgTWYXZY

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ł 8   ¯­W¯­Wµ$®±¯0µ








































































































































































hEj~no` q Y&woY q fgT~d$f-fgTWYªXZY&dEnsbWwgY'XZY&jEfnIz
} 
Y'wgY































¹° m®¸² º$¹\¸±¾¯p±¾¹¹¸±5² AZ¯p±9²³µ^ 
µ$®¯-¸'¹








































£ 8^¥ Rﬀ	Nﬁ["ﬁF2\J" L]ﬁ-ﬁﬀ_^`EﬀB<Eﬁﬀ!ab9ﬃcKE[\












±¡¹GA¸ﬃ1>² ±(3  65 =µ71
1Zl­m±9¸G'



























































































£   ¥( R9@) ﬃoﬁﬀT+1 ﬁﬀ ﬃlabR+ﬁﬀHﬁ;U  ¯$®±5²³¯$´ ´½ µE·¸'¹
®º$¹ﬂ p² ©¹
®g¹17±9²³¯p´?R¯A-¹¸ 5 ² 
 7² ±¾¹ 
p² AZ¹W¸²³µ^=¯$´ ¯A² ´à±¡µ W¯E°gµR·² 21¸'¯l¯l°





%~¥=z|hEjEfgwohEc4¦{kmfo`aXZ` Âd$fo`ahlj*lhEc9¥  [~mjWh7¥m[~mkWk!¥*  [RŁA  8p[~&E 8W¥





£    ¥( R\g*E  J3cUbﬃﬁ"[I;E!ﬁﬀQd>ﬁﬀIk:"  D~¯p®o¯7±¾¹¹ﬂ£®g¹g°Gm®¸² º¼¹ Aµ7´à² =¹¯$®¸±¡¯$±¡¹Z¹¸±5² 
A-¯$±5²³µﬃH¸²  ?² 7±¾¹'®º$¯$´.¯=¯p´à½¼¸²e¸G' ¼foT)l   ¬z|hljm¤Y&woY&j~t
YhEj ﬁ©YÂt
`ens`ahlj£dlj q z|hljRfgwohEc9RSdlXk7d
À  cihEwo` q dEÁ
* 8 AM + ﬁ{Y&tp¥4&l +W¥
£  8^¥N89ﬃﬀ6g*" ﬁﬀﬀ	0D@N1Bh1ﬀ<M µ7´à² =¹¯$®*µE·¸
¹'®º$¹




& %~¥=z|hEjEfgwohEc.dpj q ¦{kmfo`aXZ` Âd$fg`ihEj,mlhEc9¥~Ł  mjWh7¥~ŁmWkWk!¥O&RAmŁe 8WM& +   ¥
£ ¼ ¥N8Wg*[^`2"ﬁﬀ-<_E ﬁﬀﬀ =?
3ﬁﬀIknEV Z´ ´² ­~¸'µ$²XE¯$´>¯p´i°Gm´ H¸
µp® Z|¸±5² AZ¯p±9²³µ^#¯>µ^~±5®oµ$´ '
9`awoHT17lb~noY'wÂMÂlHH¥
£ ,+^¥ 1 >Fd+oﬁﬀon3 :~²G~¹1A¹¸¸%
µp®Uº&²e¸'°µ¼¸² ±5½\¸
µp´ m±5²³µW¸µ =µ^W¸±¡¯$±5²³µ=¯p®½¯A² ´à±¡µ m¯E°µE·
² 











































8 ajﬁ m<_E\  

























































¸±9² A-¯$±5²³µ  :65 =µ1
+· m±!·oµ7ME¹ ¹'®®oµp®¸¯{¸½¼¸±¡¹ A¸
² l­m±9¸G'







Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
